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(57) Abstract: An apparatus (300) capable of assisting in controlling an elecu-olyte flow and an electric field distribution used for 
processing a substrate (10) is provided. It includes a rigid member (320) having a top surface of a predetermined sha^ and a bottom 
surface. The rigid member (320) contains a plurality of channels (324), each forming a passage from the top surface to the bottom 
surface, and each aUowing the electrolyte and electric field flow therethrough. A pad (330) is attached to the rigid member via a 
fastener. The pad also allows for electrolyte and electric field flow therethrough to the substrate (10). 
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^Tore TOR A VERSATILE 

- -s^rs is-Tus 

nexa c. U.e Xnvenuon ^^^^^^^^^ 
The present invention relates to 

I . «..piece, sue. a= a s^s»ate. Mo. 
material on a «o p directed to various pad 

. i,,iv the present invention IS directed t 

, Description of Related Art 

Steps in the fabrication of 
There are numerous processing steps 

. . circuits (ICS) , packages, magnetic 
.i,h performance integrated circuit 

. .H. thin film display units, and 
film heads, thin „i«narize a conductive 

. ...o is to deposit, remove, or planarize 
,5 important step ^ ^^^^^ ^^^^ ^ 3emiconductor 

- i-lative material o ^^^^^^^^^ ^^^^ ^^^^^^^ 

— • allovsma. .e 
gold, nickel, rhodium, and thei 

performed, for example, .y electrodeposition. 

• ,aid metal technology, a worKpiece, such as a 
" " . n,ure la, may consist of various 

substrate 10 shown m F^.ure ^^^^^^ 

v.- T features such as channels 14 and v 
topographical features ^^^^^^^ 

X.-, .;HplPctric material 16. 
a suitable d.aXect ^^^^^^ ^^^^ ^ 

dielectric -ter.al 16 ^^^^^^^ 
suitable a*esion/.a..ie. ni« layer IS. 
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layer 18, a suitable plating base layer 20, often called a 
"seed layer", is deposited. A conductive layer 22 is then 
applied over the plating base layer to fill, and preferably 
over-fill, the vias 12 and channels 14 etched in the dielectric 
5 material 16 as shown in Figure Ic. 

The conductive material may be, for example, Cu deposited 
by way of a chamber-type device 100 (generally shown in Figure 
lb) • The chamber device 100 includes a deposition chamber 102, 
which contains an anode 104 and electrolyte 106, The anode 104 
10 may be attached to the bottom of the chamber 102. 

A holder 108 holds the workpiece, such as the substrate 
10. For a detailed description of the holder, reference can 
be made to the assignee's co-pending application no. 
09/472,523, entitled "Work Piece Carrier Head For Plating and 
15 Polishing" filed December 27, 1999, the specification of which 
is incorporated by reference herein as non-essential matter. 



For the deposition process, the substrate 10 is typically 
immersed in the electrolyte 106 with the aid of the holder 108, 
which also provides a way of electrically contacting the 
20 substrate 10. By applying a potential difference between the 
anode 104 and the substrate 10 (i.e., the cathode), materials 
may be deposited on or removed from the substrate. For 
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copper .a. .epositea on t.e substrate 10. » t.e ano.e . 

: .0. ... s.3»a.e. . a. e.e....e a.Ua 

. e.an« t.an.a. s..»a.e .0.. :oe .a. .c. 

a ..ata..e s.a. n. sue. t.at t.e s..st.ate .o.ae. .oe 
..e su.s«ate XO can .otatea. T.e su.s»a.e XO U t^.caXX 

^ h» »s areat as about 300im. 

10:,^; this distance may, however, be as ,rea 

such as the vias i. a. channel U iiXustrate. . 

,„=,h^rial deposition to fill tne 
1= After performing material aepu 
Figure la. Aitei. ^ , n„,t 

Jious .eatures.cavities usin, eiectroivte contain., ieve 
..aitives. a variation in the thiCness o. the deposit 
.onauctive .ateriai ^. inevitabi. occurs over the surface o 
15 conauoi. ^-hirkness is termed 

This variation m thickness 
the substrate. -^"-^^ 

.in Fiaure Ic with reference to 
^^r^" and is shown m Figure 
"overburden ana 

portions 22a and 22b. 

«,er aepcsitin, the conauctive .ateriai 2. on the top 
,0 surface o« the substrate iO, the substrate iO is tVpicaUv 
t s e..ea to a chemicai .echanicai poiishin, .CM. apparatus 
l.aertopoiish,pianari.e,orbothpoiishahapianar.et 

L„e surface, n.re 3a iiiustrates one possibie version o. 
: nventionai CMP apparatus 300 usea to poiish.Pianari.e he 
itrate iO ana.or eiectricai. isoiate the aeposited 
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conductive material within the particular features located 
thereon. The substrate holder 208, which may be similar to the 
holder 108 described above, holds and positions the substrate 
10 in close proximity to a belt-shaped CMP pad 214. The belt- 
5 shaped pad 214 is adapted to rotate in an endless loop fashion 
about rollers 216. The polishing/planarizing process occurs 
when the rollers 216 rotate and the pad 214 is moved with a 
circular motion while making contact with the surface of the 
substrate 10. A conventional slurry may also be applied to the 
10 pad 214 while the substrate 10 is being polished. The 
substrate surface after polishing is shown in Figure. 2b. 



The conventional method for depositing a conductive 
material produces large variations in material overburden 
across the substrate as shown in Figure Ic. The conventional 
15 CMP of this large overburden causes defects on the substrate 
10 such as dishing 22c and dielectric erosion 16c also shown 
in Fig. 2b. It also is responsible for low substrate 
processing throughput, which is a major source of manufacturing 
yield loss. 



20 SUMMARY OF THE INVENTION 

There is therefore a need for an apparatus that can reduce 
the time needed during the planarization phase of the 
fabrication process, and that can simplify the planarization 
phase itself. In other words, a more efficient and effective 
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„et.oa .n. appa.atus ^or .epcsitin, a conductive .ater.al 
. 3u.st.ate ne..ea. Va.iou. pad designs ana structure, are 
auclced .erein t.at can use. .o. depositin, con.uct.ve 
material wit. a very uni^o» -.teriai overburden on a surface 
5 of a substrate. 

It IS an oblect of the present invention to provide a 
.ethod and apparatus for perfor^in, an. of depositing 
re.ovin. poiis.in. and/or .odifvin, operations on cond ct.v 

10 substrate. 

„ is another object of the present invention to provide 
. method and apparatus for depositing a conductive .ateriai 
with miniBUi. material overburden. 

It is still another object of the invention to provide a 
I. .ethod and apparatus for depositing a conductive material with 
, uniform material overburden across the surface 
substrate. 

v.- r.i- nf the invention to provide a 
It is a further obDect of the 

,0 .etho. an. apparatus for depositing .ateriai on a substrate in 
an efficient and cost-effective manner. 
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It is still a further object of this invention to provide 
various pad designs and structures for depositing a conductive 
material on a substrate, 

5 It is yet another object of this invention to provide a 

method for mounting a pad having channels, holes or grooves for 
depositing a conductive material on a substrate. 

It is a further object of this invention to provide a 
method and apparatus to mount a pad to be used for depositing 
10 a material on a surface. 

It is yet another object of the invention to provide a 
method and pad to control the uniformity of a deposited 
material on a substrate. 

15 These and other objects of the present invention are 

obtained by providing a method and apparatus for simultaneously 
plating and polishing a conductive material on a substrate. 
The substrate (or cathode in the deposition process) is 
disposed in close proximity to a rotating member having a pad 

20 material attached thereto. The pad is interposed between the 
substrate (cathode) and the anode. Upon applying an electrical 
current or potential between the substrate and the anode in the 
presence of a suitable electrolyte, the conductive material may 
be removed or deposited on the cathode. 
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in a preferred e^odi^ent, the conductive material may be 
selectively deposited In the cavities ot topographical features 
the substrate surface, while the pad material mlnl.l.es or 
S p.events material depositions In regions a.ove the cavities. 



The nature, design, fabrication and mounting of the pad 
material used In this invention advantageously allow for the 
modification of material removal from, or the deposition of a 
XO high guallty conductive material on. a substrate surface. 

Other objects, advantages and novel features of the 
p.esent invention will become apparent from the following 
detailed description of the invention when considered rn 
conjunction with the accompanying drawings. 

15 iiMM I III TFTrTTT '7" V"!' "R^^GS 

ngure la Is a partial cross-sectional view of a substrate 
navin, various material layers disposed thereon, 

Pl^.e lb is a Simplified Illustration of a conventional 
reposition Chafer for depositing a conductive material on a 

20 substrate; 
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Figure Ic is a partial cross-sectional view illustrating 
a variation in material overburden across the substrate after 
material deposition; 

Figure 2a is a simplified illustration of a conventional 
5 CMP apparatus for polishing a substrate surface; 

Figure 2b is a partial cross-sectional view of a substrate 
after the conventional CMP process; 

Figure 2c is a partial cross-sectional view, similar to 
Figure Ic, but showing a conductive layer having a uniform 
10 overburden across the substrate surface after deposition in a 
plating and polishing apparatus according to the invention; 

Figure 3a illustrates an apparatus in accordance with a 
first preferred embodiment of the present invention; 

15 Figure 3b is an enlarged view of the anode component of 

the apparatus shown in Fig, 3a; 

Figure 3c illustrates another embodiment of the anode 
component using a non-conducting, non-porous adhesive material; 

20 

Figure 4a illustrates an apparatus in accordance with a 
second preferred embodiment of the present invention; 
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ngure 4b illustrates an apparatus in accordance wxth a 
third preferred en^odiment of the present invention; 

ngures 5a-5. schematically illustrate preferred 
S e*odi.enta of various plating and polishing pads using PSA 
adhesives. as well as PSA adhesive arrangements, for attaching 
a pad to a pad support maimer of the anode component; 

Pigures 6a-6h each depict top and cross sectional 
.0 schematic views of the plating and polishing pads having 
Channels, holes, slits and/or grooves in accordance with the 
preferred embodiments of the present invention, 

Figures 7a-7£ illustrate yet additional cross-sectional 
,S views of the plating and polishing pads having channels, holes, 
.lits and/or grooves in accordance with the preferred 
airtoodiments of the present invention; 

ngure 8 illustrates an apparatus in accordance with a 
.0 fourth preferred embodiment of the present invention; 

Figures 9a-9t are top views of additional preferred 
embodiments of the plating and polishing pads according to the 

present invention; 
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Figure 10 is a partial cross-sectional view of a plating 
and polishing pad arranged over a pad support meinber in 
accordance with the present invention; 

5 • Figure 11 is an enlarged partial top-plan view of the 

structure according to Figure 10; 

Figure 12 is a schematic top-plan view of another 
erabodiment of the plating and polishing pads according to the 
present invention; 

10 Figure 13 is a schematic top-plan view of another 

embodiment of the plating and polishing pads according to the 
present invention; 

Figure 14 is a schematic top-plan view of yet another 
embodiment of the plating and polishing pads according to the 
15 present invention; and 

Figure 15 is a schematic top-plan view of still yet 
another embodiment of the plating and polishing pads according 
to the present invention 

2 0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will now be described in detail. 
Various refinements in and modifications of the various 
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rrln. PO...e ... o„ .....3 ..... 



herein. 



..e present invention can .e used to deposit and/or remove 
...iais on anv su.=-te. s.c. as a ... nat pan. 
3 ..etic .ii..ea. inte.ateacit.it, pac.a,e. se.co„ 
.evice ot CMP, ot an, ot.et .evice ot „ot.p.ece o. .nte est^ 

■ ^^.n the terms "substrate" and 
f: dpscription, L.ne ucj-mij 

For purposes of this aescrj.p 

!„ot Piece., can .e use. intetCan.a.i. .tt.et, t.e spec, c 
,.a.etets .e.ette. to .etein, snc. as .atetiais, ai.ens..s 
. tMCnesses, ana t.e ii.e, are intenaea to .e e.pianato. 
rather than limiting. 

n.nte 3a iUusttates an apparatus 300 in accordance wit. 
tne nrst pre.errea e^cai.ent o. t.e present invention. . 
itrate .oiaer 30, .avin, a rotata^ie s.n 3ia .oias ana 
. positions t.e substrate iO in a .anner si^iar to ^ 

. nove The substrate hoiaer 30e can move up, down, 
described above. The su 

»d about the .-a.is, as weii as transiate aion. the x or 

. .J Tin However, unlike known 
substrate 10 is pushed against a pad 330. Howe 

.es both deposition and removal steps are pertormed 
20 processes, both .^^^^^^^ 
using the apparatus illustrated .n Figure 

el cathode-pad-anode arrangement, .or further detarls o 
:L overall apparatus ior performing both aeposition and 
oval steps, .e.erence can be .ade to assignee, co-pending 
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U.S. application serial no. 09/201,929, filed December 1, 1998 
and titled ''Method and Apparatus for Electrochemical Mechanical 
Deposition", the specification of which is incorporated by 
reference herein as non-essential matter. 

In Figure 3a, an anode component, generally indicated at 
322, includes a bottom portion 322a, which may be a soluble 
or inert anode material, attached to an anode holder or housing 
322b by known methods. A stiff upper pad support member 320 
is attached or secured to the anode holder 322b. Electrically 
isolating the anode holder 322b from the stiff pad support 
member 320 is an insulating spacer 322c. 

The pad support member 320 is secured to the anode holder 
322b with screws in a manner such that they are both 
electrically isolated from one another. An electrolyte or 
15 solution chamber 322e is therefore formed between anode bottom 
portion 322a and the pad support member 320. The gap 322f 
separates the anode bottom portion 322a from the pad support 
member 320. Small channels 324 are formed in the pad support 
member 320 for fluid solutions to communicate between the 
20 chamber 322e to the substrate 10. A polishing pad material 330 
is attached above the pad support member 320, The polish pad 
material 330 may contain two or more distinct types of 
channels. Channels 330a are provided for the fluids to 
communicate between the chamber 322e and the substrate 10, and 



5 



10 
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WOOl/63018 communicate 
1. 330b for mostly an electric fieia 
channels 330b electrolyte 

between the ano.e ^^^^ ^^^^^ „e 10. 

camber 3.e ana pa. support member 3 , an. ^^^^^^ 

-F channels (sometimes reterreu 
The combination of channels ^ ,,,t.^ic 
3 ..e use. to manipulate the electrolyte flui. flow an. electric 
' :.3tribution over the substrate 10 to control the nature 
:;.e material .eposite. on the substrate, in particular the 
uniformity of the .eposit on the substrate. 

■ 1 ..0 is secured to the pa.-support member 
The pa. material 330 is secu ^..^rial 

* v«.npr such as an a.hesive material 
.^v. v>,o aid of a fastener, sucu 

'• .... — - rr 

^ ir. another chamber 334, m 
assembly 322 is house, m another 

1 Vtes e.anat.n, «ro. inte..ace 33.. between tne 

.„ and a surface c. t.e pad .ate.ial 330 accumulate. 
.u.a»ate 10 a ^^^^^^^ ^^^^^ ^^^^ ^ 

13 This accumulated electro „ j.st simply 

reservoir syatem for reclalmatxon and reuse, 

be .iscar.e.. 

.urt.er noted t.at electrical contact «lt. t.e anode 

. viw nr via the ano.e housing 

be made to the pad support me^er 320. 
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By way of example, the anode housing 322b may be formed 
of polymeric material such as PVDP, polypropylene, PTFE, and/or 
other materials that are essentially inert to the electrolyte 
fluids used in the reaction. However, it is most preferred 
5 that the anode housing 322b be made of titanium, stainless 
steel, graphite, and the like. The anode housing may also be 
coated with a very thin layer of platinum or palladium. The 
anode material itself may be an inert type of anode such as 
graphite, platinized metals, such as Pt/Ti and the like. In 
10 some inert anode applications, for simplification, the inner 
wall of the anode housing 322b may serve as the anode. 



In other applications, a soluble anode 322a may be housed 
in the anode housing 322b. The soluble anode 322a may be 
formed by materials such as Cu, phosphorized Cu, Ni, gold, Pt, 

15 Ag, Cd, Rh and/or various other alloy electrode materials 
depending upon the material to be plated. The insulating 
sealing spacer 322c may be made of a polymeric material or a 
combination of polymeric/metallic and/or polymeric/ceramic 
materials. It is only essential that the electrolyte or fluids 

20 used in the reaction do not degrade the spacer 322c, and/or 
that the spacer 322c does not adversely affect the designed 
qualities of the metal deposited on the substrate 10. 
Additionally, the method of securing the pad support member 320 
via the insulating spacer 322c must not electrically short the 

2 5 anode 322a to the pad support member 320. 
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V. .20 is preferably fabricated from 
The pad support meittoer 320 is pretera 

■ 1 with a very specific modulus, such as carbon, 
a stiff material with a very p , ,h The 

H the like Stainless steel may also be used. The 
titanium and the like. ,Hvprse 

support ..^r .ate.ia. not interact .n an a.ve.= 

^ =.«= ho affect the material 

5 nanner with the deposition fluids so as to affect 

. ,hstrate The thickness of the pad support 
deposited on the substrate. an 

.h that the meiti^er behaves as if it has an 
BeitODer 320 is such that the 

..nnite stiffness relative to itself (weight) and with respec 

. V,- load Additionally, the pad support 
to the applied polishing load. Addi 

with a very thin layer of platinum or 
10 member 320 may be coated with a ^ - y 

e a about up to 500A, to enhance the adhesion of 
palladium, e.g. atjout u^. , ^ f^pld 



dispersion. 



■ ^52b of Figure 3a has at least one 
. The anode housing 322b of tig 

.ann. n.. .nt. .not a.o., t.at t.e e.ot.o. 

.,ect.oi.tes t.e„ pass t.ro.. t.e s.aU Canned o. .o.es 33 

Kor 320 and through the channels or 
in t.e paa support .e:.« 3a an. 

,0 holes 330a in the pad material 330 to 

,„ The £luid exits the substrate surface as 
substrate 10. The tiui 

■ ..cated at 334b and returns to the bottom of the 

. 334 v,here it is drained via drain openin. 
Chamber housing 334, where 



334c. 
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Referring back to the channels or holes formed in the pad 
material 330, more than one type of channel/hole with respect 
to the pad support member 320 or the anode 322a may be 
provided* For example, a first family of channels 330a (or 
5 holes, cavities, etc.) can be designed and positioned for fluid 
and electric field transfer from the electrolyte chamber 322e 
to the substrate. Hence, the channels 330a may be disposed 
directly on, or adjacent to, channels 324b formed in the pad 
support member 320 as shown in Figure 3a. Another family of 

10 holes or channels 330b 'are positioned with respect to the pad 
support member 320 (e.g., with the aid of the adhesive sheet 
332), such that the electric field predominately communicates 
from the anode chamber 322e to the substrate 10 through these 
channels. Other channels may also be designed into the pad 

15 material 330 to enhance fluid shearing, mass transfer, and the 
like, at the substrate surface. 

Figure 3b is an enlarged view of the anode component of 
Figure 3a showing a configuration of channels in the pad 
material 330. Here, the broken arrows indicate channels 330b 

20 designed for mostly electric field communication, while the 
solid arrows indicate channels 330a designed for mostly fluid 
communication. Thus, as shown by the solid/broken arrows, 
portions of the channels in the pad material 320 allow both the 
fluid and the electric field to communicate from the anode 

25 chamber 332e to the substrate. Other portions of the pad 
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. tlv allow the electric field to coMnunlcate 
material predominantly allow tn 

as opposed to the electrolyte fluid. 

co^ination of these families of channels 330a. 330. 

V tt-jo are used to control 
V «-F adhesive sheets 332 are 

' rcr:l:t-- ... distri^tion on the s.strate 

1 particularly, the uniformity of the deposited material can 
rcontrolled durin, Platin, or platin..polishin, operations. 

. ,3', and 3b, the anode-pad support member-pad 
10 in Figures 3a and 

material is depicted as being stationary. In- 
.o:.ined unit .ay rotate and also translate in both - 
airections, similar to that of the substrate holder 300. 

Keferrin, bacK to the channels 32. arranged in the pad 

T^na and 330b in the pad 
IS support me*er 320 and the channels 330a 

terial 330, these channels may have any shape, such as 
material preferred that they 

.miare rectangular, etc., however, it is pret 

. 1 in shape The diameter of the channels may 
- cylindrical in shape ^^^^ ^^^^ 

range from about 0.01 to 8mm, preferably 



20 6inm. 



, • nad support member 320 may 

The number of channels m the pad supp 

II 10 to SCO, depending on the dimensions Of the pad support 
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member. These channels may be distributed across the lateral 
dimensions of the pad support member in any profile that 
enhances fluid and electric field transfer through the 
channels. For instance, the channels may be spaced apart by 
5 about 0.5 to 50mm, but preferably between about 1 to 20mm. 
Also, the channels need not all be uniform, but may have 
varying dimensions and diameters. 

The channels 330a and 330b in the pad material 330 may be 
10 similar to those on the pad support member 320. However, 
channels 330b are positioned in the pad material 330 so as to 
land on the pad support member away from channels 324, or at 
least separated from channels 324 via an insulating or adhesive 
sheet material 332x (see Fig. 3c) . As a result, fluids passing 
15 through channels 324 cannot communicate directly with channels 
330b. In this manner, the electrolytes flowing in channels 
330a originate directly from channels 324 in the pad support 
member, while any fluids in channels 330b emanate from the 
fluids discharged from the channels 330a. Besides the channels 
20 in the pad material, the dimensions of the pad material, e.g. 
the pad diameter, may also be smaller than that of the 
substrate . 

Another embodiment of the invention is illustrated in Fig. 
4a. Here, a chamber, generally indicated at 405, includes a 
25 lower chamber housing 404 and an upper chamber housing 407. 
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. on the lower cha*e. housin, 40. are an anode 
.oe, WUCH .a, .e sol^le ^^^^ 

r,rf AlO and drains 412, 
and 410, anu surface of the anode 

rotate, .or rotat.n, anode, a to - 

oo.nn.at.on .t„ee ^^^^ ^^^^^^^ ^^^^^^ 

lower cha».er housrn, ^^^^^^ 
(sucl. a= holder 322b of Frg. 3a) 

arrangements 



10 



■ Ana 407 may be made of a 

r:i:::- "»•-•■•"'■ 

from stainless steei .Aversely affect 

.eflon or other inert materials that do not adversely 

of the electrolyte or deposited material. 
15 the performance of the exe 

■ .pt,arated from the upper chamber by 
The lower chamber xs separated 

r.r aan 419 (when the tool is 
an electrolyte fiUed space or gap 

The electrolyte gap 419 may vary m size 

operational) . The 

. 0 5 to 30 mm, but preferably between about 
20 about 0.5 to 30 mm, 

,,,3 electrolyte ,ap 41. «a, serve a. a ..xrn, 

. ivtes before entering the pad support n^e. 420. 
" the deposition of laminate f U... -^e .etals 

is important in the dep for example, one 

— "-°="T;:::r::a ^ro^te ..t 40. 

,3 type Of electrolyte may be m.ect or 
„,Ue a second electrolyte may be rnjected 
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at a different flow rate into the electrolyte gap 419 from the 
electrolyte inlet 410. For example; one electrolyte may be 
injected at a flow rate of about 0.2 to 8L/min through the 
electrolyte inlet 408, while a second fluid may be injected 
5 intermittently or continuously through electrolyte inlet 410 
at a rate ranging from about 2cc to 20000cc/min. A portion of 
the electrolyte mixing may occur within the electrolyte gap 
419. The balance of the mixing may occur within the pad 
support member 420, or within the pad material itself and in 
10 the area between the pad material 430 and the substrate^ 10. 



Separating the lower chamber from the upper chamber is 
the pad support member 420 (shown as part of the lower chamber 
in Fig. 4) . The pad support member 420 is essentially a plate 

15 with openings or channels 424 allowing the electric field and 
electrolyte fluid or fluids to communicate between the lower 
chamber and the upper chamber. The channels 42 4 in the pad 
support member 420 can be of any shape. If they are 
cylindrical, their diameter may range from about 0.5 to 5mm, 

20 and the spacing between the various channel openings may range 
from about less than 1 to greater than 4 times their diameter, 
but preferably between about 1 and 4 times. Also, the channels 
themselves in the pad support member 420 may vary in diameter. 
The range of variation in diameter preferably need not exceed 

25 3 times that of the smallest channel opening. The pad support 
member 420 may be fabricated from a polymeric material, but 
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. stainless steel, a ceramic 

preferably from titan.- or 

. • 1 a high performance composite material, or 
material, a hr,h ^^^^^^^ ^^^^ 

combination of the above materials . , pt 

, rpaua.i». material preferably sboul. not, .owe.e. 

Ja.e tbe performance of the electrolyte, .e.raae t. 
isitea material on tbes..trate, or ca.se tbe pa. material 

to react with the electrolyte. 

A'>r\ <!hould be-' sufficiently 
Also, the pad support member 420 

. . . its deformation or deflection during material 
est iff to minimize its aeiox^'* 

position and planari.ationpresaures. m addition, the mou 

.he pad support member should be designed to min..e 
reformation or deflection of the pad support member ^ 
,3 stiffeners .not sho», may be used as appropriate, on the lo 
surface of the pad support me.er .0 .surface fac.g 
.node 40e, . It Should be noted that the substrate holder 
Tng 4a can move in the indicated y, and . directions 

10 is pushed against the pad 430. 

s„pport member 4.0 „hich faces the substrate 10 .he^ Pa 

nt;,in fixed abrasives. The pad 430 
oc; n,«terial preferably may contain fixea 

25 material p ^^^^^ 

^1= 4 32 of various shapes 
has channels 4^/: ox 
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distribution on the pad 430 also varies depending on the 
functions to be carried out. In the present invention, the 
channels 432 in the pad 430 are designed to influence several 
important process parameters. These channels 432 determine the 
5 distribution of the electrolyte fluid or fluids over the 
surface of substrate 10. The channels 432 also shape the 
electric field between the anode 406 and the substrate 10. 
Proper choice of the pad material and the distribution of 
channel openings 432 on the pad 430, as well as the channels 

10 424 in the pad support member 420 (or the top anode portion 320 
of Fig. 3b) allow the inventive apparatus to be used for many 
different tasks. These include depositing super planar metal 
layers over a topological surface of the substrate, depositing 
a material in a conventional way but with better properties, 

15 removing material by wet etch or electro-etch, or planarizing 
an already deposited material. 



The pad 430 may be attached to the pad support member 420 
of Fig. 4a (or the top anode portion 320 of Fig. 3B) by a 

20 series of fine screws (not shown) that are recessed well into 
the pad material. Alternatively, the pad 430 may be attached 
to the pad support member 420 with a pressure sensitive 
adhesive (PSA) . Regardless of the nature of the pad 
attachment, the materials used must be inert in the electrolyte 

25 and not degrade the electrolyte or the deposited material. As 
discussed previously, it is preferable that the pad support 
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WO 01/63018 J /in ft be 

...e^ise .eve up/aow., «an..atio„a 

, .„ppo.t ..-e. .20 .oes not .c™ a pa.t ..e a.oae an. s 
Jsexecuvei. .en.e.a ano.ic -it. .spa. to t.a sn.sttate. 
It's potential may be allowed to float. 

^ of the invention illustrated in Fig. 

A third embodiment 01 tne 

,0 likewise includes a substrate holder .40 and substrate 10 
,..„.ed earlier, .he pad material 430 is arrange^ belo 
.he substrate 10 and is secured to the pad support member 

.dhesive Sheets 433. the pad material 430 the p^ 

..pport member 4ao also has its o«n fluid channels as descrlb. 
. Jove. ..ectrolyte deposition solution . is fed into the P 
3UPPort me^er 4.0 through a shaft 4.0 or other .alvr^ 

.in this arrangement, the original flow 
n^echanism. Uniquely m this 

volume Of electrolyte B splits its flow r„ c „ an 
_rtment 4« .flow n, and directly to the substrat . 
,0 portion that is fed to the anode compartment 452 <or 

In lyte, is further split into two portions. . ma.or portion 
t^ solution flows through a filter 4S4 .flow to the 
3ubstrate by passing through the channels of the pad^suppo 
..er 420 and pad 430. .e 

" " ^" 'rtrTrrlrlers Of the anode 
in a controlled manner at the upj; 
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chamber 452. This controlled fluid leak E2 allows air bubbles 
to escape and prevents their accumulation over the anode 4 06. 
It also allows for the selective loss of anode sludge material 
in the case of soluble anode materials like CuP, where thick 
5 anode sludge may affect metal deposit uniformity. Thus, in 
this arrangement, the volume of electrolyte El at any given 
time discharged into the anode chamber 452 is such that 
El - E2 + E4, 

where E2 is the allowed controlled leakage volume to help 
10 purge bubbles and anode "fines ^ and the balance E4 is the 
portion filtered through filter 454 and migrated to the 
substrate surface via the pad support member channels and pad 
channels . 

15 In a preferred embodiment, the amount of solution E2 

allowed to leak ranges between about 0.1 to 2 0%, but preferably 
between about 1 to 10% of the total electrolyte flow El. Also, 
it is preferred that the volume E4 of the electrolyte 
discharged into the anode chamber to minimize concentration 

20 polarization ranges between about 10 to 40%, but preferably 
between about 15 to 30% of the volume flow. Thus, the orifices 
in the shaft 450 discharging El into the anode chamber 452 may 
be chosen accordingly. 

25 In Figure 4b, the anode 406 resides or is secured in anode 

housing 460. A clearance gap 93 separates the anode housing 
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^ ^-h^ nad support chamber adDacent to iz- 
4 60 from portions of the pad suppo 

. aao 93 is configured to allow for the controlled 
This clearance gap 9-3 is coi y 

. . leak E2 in this region as described earUer. 
electrolyte leak m ^ .^.iw 

holes (not shown), typically 
Besides the clearance gap, txny holes 

..e anode housing .eo to supplement the clearance gap to manage 
..e controlled leak. One or .ore large ports may also be 
3ecured to this region to control the leak solution volume E2. 

,0 The electrolyte-^E3 emanating from the substrate and the 

:.tions are typically drained to a reservoir for pro.ss 

H .h.n recycled back to the deposition chamber, 
filtering, and then recycxea 

Mso .n as ae..i.e. ea.Ue. tne pa. auppo.t .e:. 

«0 .... . .US ..nn..Uon, t.e anoCe .o.s.n. 

. stationary. Electrolyte solution Injected .nto the 
re.arns stationary ^^^^^^ ^^^^^^^ 

anode chaiober 405 from a stationary 

.e^er causes excellent agitation o. the electrolyte in 

„ay ran,e .r» a.out 3 to «0 rp., .ut pre.era.ly between a.out 
5 to 300 rpm. 

■ to Fia 4a, an example involving copper 
Referring again to Fig. ^a, 

,3 deposition «U1 .e described. . suitable copper Platin, 
solution IS circulated .ro. a reservoir t.rou,. the 
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chamber 404 from electrolyte inlet 408. The anode 406 may 
rotate to help the expulsion of flow of the electrolyte from 
the lower chamber 404 to the upper chamber 407 via the channels 
424 in the pad support member 422 and the channels 432 in the 
5 pad material 430. Electrolyte flow may range between about 
50ml/min to about 12L/min, but preferably between about 
lOOml/min to 6L/min depending on the size of the substrate 10. 
The larger the substrate size, the higher the flow rate. As 
the fluids emanate through and wetten the pad 430, the 
10 substrate 10- is lowered to rotate, glide or hydroplane on the 
surface of the wet pad 430. 

The anode and cathode may be energized after a brief 
moment of wetting the substrate. The current density to the 
15 cathode may range between about 1 to 50 mA/cm^, but preferably 
between about 5 to 45 mA/cm^ . 

For example, the substrate may be plated at a current 
density of about 10 to 25 mA/cm^ for 20 to 70% of the 

20 deposition time at a pressure of about 0 to 0.5 psi, and at a 
higher pressure for the 30 to 80% balance of the deposition 
time. The pressure on the substrate may increase from 0 to 0.5 
psi mentioned above to 0.5 to 3 psi. The electrolyte flow may 
also be varied within the intervals. Also during the 

25 deposition, the carrier head may make continuous or 
intermittent contact with the stationary pad or rotating pad. 
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. . preferably between about 5 to 200 rpm. W-, 

oTtrltrate re.at.e to tbe .aa .a. occ. a... 

rriuo. .oces. ..e .ee. o. t.e lateral .otlo. .V 

=v,^ui- 0 5 to 25 inm/second. 
5 range between about 0.5 to 

. motion is progran^ed such that the substrate, 
The lateral motion is p y 

to rest momentarily at various points, 

^""ritr . 1 «tio. . - — 

or during any stage 

. the centers of the substrate and anode coxnc.de. 
than when the centexs 

on the substrate is varied depending 
Also, the pressure on the sue 
.he I ter position o. the substrate relative to the pad. 
" a 'iven pad desl^, the combination various 
.hus, .or a J ,,.3sure and 

i;:,i-f^ral motions, substrate 

electrolyte now rate .a. be used to control the 

the deposited .aterlal. ^ ^ ^ ^M^.,,. 

thinner at the edge or center of the sub 
uniform or thinner ai. ,„^i-rolvte, a 

. the above process and an appropriate electrolyte, 
Usrn, the above p ^^^^ ^^^^^^ 

, metal deposit may be reaaiiy 
.^perplanar .eta ^^^^ ^^^^^^^^^^ 

„ any other metal s ^^^^^^^^^^ 
,S Shown m rr,ure la. 

structure Is shown In Figure 2c, 
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overburden across the substrate is nearly independent of the 
width of the features on the substrate. This contrasts with 
deposited material structures from conventional metal 
deposition systems as shown in Figure Ic. 

5 

The apparatus of Figures 4a and 4b can also be used for 
etching • Using a shaped pad in which only a small quadrant or 
rectangular area is accessible to the electrolyte and the 
electric field, the substrate may be electro-polished or 

10 electro-etched in a very controlled manner. The difficulty 
with electro-etching using a standard pad is that because 
electric current flows from the substrate's edge towards its 
center^ the material removal rate is higher closer to the 
electrical contacts. Hence, by making the channel openings 

15 arranged closer to the contacts smaller in diameter and fewer 
in number than those towards the center of the pad, the rate 
of metal removal by wet etch, electro-etching or polish may be 
rendered uniform from the center to the edge of the substrate, 
or may be dynamically controlled. 

20 

The invention therefore describes an apparatus allowing 
for the deposition/removal of material on a substrate or 
workpiece surface while the surface is in static or dynamic 
contact with another surface. The other surface need not be 
25 the anode. The other surface may be abrasive or non-abrasive 
in nature. It is essential, however, that the material of the 
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WOOl/63018 . between an anode 

other surface transmxt fluxd 

«s well as allow magnetic, electric 
and a worlcpiece, as 

electromagnetic fields to corconunicate between t 

. ^hP r>ad contact material allows 
vr^iPce in some portions, the pad com: 
workplace . -l" fields to 

^T,«^ic or electromagnetic tieias 
5 only the electric, magnetic 

comnunicate with the workpiece. 

. -.P of the pad material, the design and 
Besides the choice of the p . ,k and 

^orial 332 or 332X (in Fig. 3b and 
Placement of the adhesive material 332 

. ..rial 330 and the pad support 
■^r^^ between the pad material 
10 Fig. 3c) between ,„,.^olvte solution flow 

V. .20 may be used to control the electrolyte 
member 320 may be distribution of 

t-p electrolyte flow pattern, and the 

Itic fields or electric fields, illustrated m 
"^"::e.ample, a continuous Circular non-por^ and 
Figure 3c, for exa y attached to the 

. , ,30 or pad support member 320 to t>lo 
pad mater^al 33 or ^^^^^^^^ 

..ected no. *an„eU . ^^^^^ ^^^^^^^^ 

blocking adhesive layer 332x rea 

»d e.ectro.vte How to t.e adjacent — ^ 

, , if the adhesive material is 
nn the other hand, if tne 
20 330a. on the electrolyte flow through 

it- selectively blocks the electroxy 
conductive, it selecti electric field 

. els 324b and 330b, while permitting the electric 
the channels ^^^^^^^^ ^^^^^ ,,,, 

^^^^""^ r ; ;7,3ld to co^unicate between the 
the electrolyte and electric field ^^^^^ 
2s anode and substrate, While other Channels may select y 
25 anoae communicate. THe 

only the eleotrio or magnetic field 
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interplay between the electrolyte and electric/magnetic field 
flow through these channels controls the material deposition 
on the substrate, especially the uniformity of the deposit. 

In other embodiments, the adhesive material may be a 
5 conducting porous material. Also, a conducting adhesive 
material may be combined with a non-conducting adhesive to 
attach a pad to the surface of interest. The adhesive material 
may also be porous or transparent to electric fields, magnetic 
fields, and even the electrolyte. 

10 In yet other embodiments, the pad material and the 

adhesive material may selectively diffuse certain ions, e.g. 
cations while preventing the diffusion of other ions. The 
criteria for selectivity may be by charge type, charge size, 
ion size, ratio of ion charge to ion size, and the like. 

15 In yet other embodiments, the pad 330 can be 

attached/bonded to the support member 320 using any of the 
following alternative methods described herein. It is noted 
that methods other than those described herein can be 
implemented without departing from the principle teachings 

20 provided herein. 

Figures 5a-5m illustrate views of various plating and 
polishing pads having PSA adhesives attached thereto in 
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r«eU a= .3. aa.e..es aUo„.. t.e pa. a«ac^e.t to ..e top 
anode portion (or pad support me^.r) . 

n,ure 5a U a botto. view o. a continuous circular 
dhesive 54i attac.ed/.onded to t.e ^tto. o. t.e pad S30a 
;r Jevent. t.e eiectroi.e .option .o. iea.in. .o. t e 

. the adhesive 541 may be conducting 
^ r^f the anode. Again, the adhesive 

well as porous or non-porous as described 
- non-conducting, as well as po ^^^^^^^^ 

The width (Shaded portion) of the circ 

^^^.^^ 3,,e and 

is generally between about 2 to 10m, 
shape of the pad 530a. 

. • = adhesives 542 are provided 
ciK smaller strips of aanesj-vco 
Tn Fiqure 5b, smaiJ-«j- or- 

, .^hpcive 541 attached 
to the continuous circular adhesive 
15 in addition to the con 

. thP Dad 530b as in Figure 5a. The 
to the bottom of the pad 

rri.s 542 are attached to the bottom of the pad 

fhe pad 530b and the top anode 
. additional bonding between the pad 

otrins 542 have widths that 
nlate The smaller adhesive strips 

plate. ,KrMit- 5 to 50mm, and 

about 1 to 5mm and lengths between about 5 
20 between about 1 Preferably, 

„, „. ........ - „. 

width is between about 1/50 
the wiatn i V. «r,iv three adhesive 

• .trips 542. Moreover, although only three 
adhesive strips 

3,,,p3 542 are illustrated in Figure 5b, more 
25 used. 
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In the embodiment of Figure 5c, discontinuous adhesive 

strip portions 544 are arranged about the periphery of the pad 
530c. The adhesive strips 544 are spaced apart at regular 
intervals of, for example, about ^ to 2 times the length of the 
5 strips. Smaller adhesive strips 546 (similar to adhesive 
strips 542) may be used to provide additional bonding between 
the pad 530c and the top anode portion. This design can be 
used to increase the deposited metal thickness at the 
substrate's edge. 

10 

In the embodiment of Figure 5d, multiple triangular shaped 
adhesives 548 are attached/bonded to the periphery of the pad 
530d. Alternatively, multiple circular shaped adhesives 549 
can be attached to the periphery and central areas of the pad 
15 530e as illustrated in Fig. 5e. The circular shaped adhesives 
549 can have a diameter between about 0.5 to 8mm. 

Figure 5f illustrates another embodiment in which adhesive 
strips 560 are secured over the anode between the channel 
20 openings, in addition to circularly arranged adhesive strips 
541. 

Similar PSA adhesive films are used to attach the pad to 
either the anode portion or the pad support member. Besides 
25 strips, a continuous perforated adhesive material sheet or ply 
562 may be used as shown in Figure 5g. Here, the perforation 
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less to the channel openings 532 
holes 564 correspond more or less 

in the pad 530. 

,3 illustrated in n^te 5., .uitiple P^ds - 
. ,uch as pad material 530h with subpad 
5 laminated together, such as P 

. 1 566 using an adhesive spray or sheet 568. 
material 566, us g ^^^^^ 

n-or-nate eitibodiment to tne aaiic-. 
alternate ^^^^ ^^^^^^^^^ ^^^^,„„,„3 

pad and subpad. figures 

570 used to attacn f 
adhesive sheet material s/u us 

v^«^^ The diameter of the 
/r^aH fiUDDort member), 
,„ the anode portion ,pad -aupp ^ 

V- +- c^Tn is larger than tnat oj- 
adhesive sheet 570 . ^^^^^ ^^^^^^ 

beneath it. i:he pad assembly IS =-cu 
the sheet 570. 

" ..is presents a very practical method to assemble and 

3jethe padtoananodesur.ace. .he edges o. the anode are 
Luy sealed to prevent any undesirable nuid — " 
l; the electrolyte emanates .rom the top o. the pad 

20 controlled manner. 

nftpn it is advantageous 

- - "-"^^^ r;:. ads restive to each 

Slightly displace the channels bot 

other, such that the solution does not spra 

but, rather, oo.es or migrates out o, the pad. 
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In another embodiment shown in Figure 51, the subpad 
material is a napped polypropylene, polycarbonate or 
polyurethane type of fabric or material. The use of a fabric 
5 material 574 diffuses the flow of electrolyte such that the 
electrolyte migrates uniformly and evenly from the surface of 
the pad 5301. 

The choice of the subpad material should allow the 
electric field to migrate freely through it with minimum 
10 resistance. In this way, the electric field distribution is 
determined by the channels/holes in the pad only. Also, the 
subpad material and the pad material may be laminated to form 
more than two layers to obtain optimum material deposition and 
removal characteristics . 

15 

The entire pad structure or pad assembly may be shaped, 
such as by varying in thickness from its center to the edge. 
Thus, the pad assembly may be about 3-25% thicker in regions 
closer to the center than regions closer to the edge. These 
20 lateral variations in pad thickness may be necessary to 
overcome any substantial difference between material net 
deposition rates across the surface of the pad. 

Examples of shaped pads are shown in Figures 5ml-5m4. In 
25 Figures 5ml and 5m2, these shapes are obtained by contouring 
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WOOl/63018 _ . 5^4, pads are 

the pads 530ml and 530.2. ^^^^ 

^ V.V adding adhesive plys 580 
internally shaped by adding „,,^rial 580 

,^ - circular PSA type material 
^nfivelv. For example, a circuit 
respectively- diameters 

•v diameter about 20 to 70% smaller than 
,ith Its diameter ,,erebetween. Multiple 

^ r : dX^^ deslg. ma. be used to 
^^^^^^ rii re - -rial deposition uniformity across 
^^^l^^^^^^ subpad may not be 

' , ,ay be bonded directly on top 

necessary, thus the shaping ply -ay 

,0 of the a..de or pad support mender. 

•Tin<,trated herein can be used 
Adhesives other than those illustrated 

H to the top anode portion (pad support 
to attach/bond the pad to P ^^^^^^^ 

V. N These other adhesives may also d 
" ■ ana in co^i-tions o. va.iou. shapes .escribe. 

.„„n,«at.ons ana ^^^^^^^ ^ ^^^^^^ 

^= IZ I. P.Uon .pa. suppo. .e.^^ ■ 

...en t.e pa. t ^^^^^^^^ 

While not degrading the dep 

vv, .haoe type, and placement of the 
- -Hon.. a.ove. t.e ^ ^^^^^^^ 

,a.esives on t.e paa is ..portant . ^^^^^ 

the deposited material on the 
,0 »i«o™.tv o the P ^^^^ ^^^^^^^^^^ 

...tain e*cd..ents. a c ^ ^^^^^^^ ^^^^^ 

conductive adhesives may he 

ir„^ther depending on the typ 
unifor^xty. further, 

placement ot the adhesives in relation 
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anode portion or pad support member, the electrolyte solution 
and electric field distribution across the substrate can also 
be controlled. For example, when discontinuous sections of 
adhesives are used, portions of the electrolyte solution may 
5 emanate from regions between the adhesives to the pad. Then, 
the adhesive sheets are used as a fluid or electric field 
shield or deflector. 

Each of the pads described herein may include abrasive or 
10 non-abrasive materials. The pad thicknesses may range from* 
about 0.2 to 20mm, but preferably between about 0.4 to 10mm. 
It is also desirable that the pads 330 be made of a material 
such as polyurethane, kevlar, glass fibers, ceramic fibers, 
polycarbonate, polyimide, elastomerized epoxy and PVDF, 
15 polysulfone or other suitable materials or material 
combinations . 

One of the most important attributes of the pad material 
is that it does not degrade, contaminate or adversely affect 

20 the performance of the electrolyte solution. The pad material 
may be reinforced with hard abrasive particles. The abrasive 
particles may be titanium nitride, silicon carbide, cubic boron 
nitride, alumina, zirconia, diamond, ceria, hard ceramic 
powders, or hard metallic powders. Again, regardless of the 

25 type of abrasive particles used, the abrasive particles should 
not adversely affect the performance of the electrolyte 
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wo..,63..s electrolyte solution, or degrade 

layer. 

c^tirles should be less than 
The size of the abrasive particles 

,K«„i- 3 to 1000 nm, 
r^^f^fprably between about i zo ±yj 
3 appro.l^«lv 5000 ». prefer V ^^^^^^^^ 

^ ^<^-Forablv between about i ^.u 
»d .ost .ro. a.out . 

loading or volume fraction 

,5,, .ut most pre.era.ly range fro. a.out 

optimum performance. 

..„t of the pad material may be varied 
The abrasive content of tne f , ,^ 

, the center of the pad to the edge of the pad. 
radially from the cente ^^^^^^ 

,„ ^article loading may be about 30 
ror example, partrc ^^^^ 

.n, in regions around the cente 

— — " ^ 1 : distribution .ithin the 

_.l. rr._s the pad. such that 

promotes un. o. mater- ^^^^^ ^^^^^^^^^^ ^^^^^ 

"^'"^"Tl pa By Lyof example, for a nominal pad 

„ ^e l„„,,t 

rotating at lOOrpm. the removal rate P 

. „f the rotating polishing pad. «hlle 
,0 at the center of the r ^^^^^ 

highest Close to the periphery of P 
..locity with respect to the substrate is hrghe 

« in the pad material is expecL 
,.,h abrasive loading P ^^^^^^^^ 

. ^ rnafprial removal rate, 
produced higher material 
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loading in a pad may vary so as to effect equivalent removal 

rates radially across the pad material despite the velocity 
'differences . 

Each of Figures 6a-6h illustrate top and cross sectional 
views of plating and polishing pads having one or more of 
channels, holes, slits and/or grooves in accordance with the 
preferred embodiments of the present invention. Figure 6a 
illustrates a pad 630a having cylindrical channels 650. The 
channels 650 extend fully through the pad 63I)a from its top 
surface to bottom surface as illustrated in the cross sectional 
view. 

In the embodiment of Figure 6b, the pad 630b includes 
polygonal-shaped channels 652. Here, again, the polygonal 
channels 652 extend through the pad 630b from the top surface 
15 to the bottom surface. In certain embodiments, the channel 
openings 652 cover up to 65% of the pad's surface. 

Figure 6c illustrates grooves/slits 654 formed on the top 
surface of the pad 630c. The grooves 654 are shaped to provide 
a high level of agitation and fluid dynamics on top of the pad 
20 near the surface of the substrate, which is difficult to obtain 
using conventional deposition methods. The groove dimensions 
can have about 0.5-2 mm depth, and be spaced apart from each 
other by about 2-15 mm. The grooves can be formed on the pad 



5 
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e30c in o.Iy one direction as shovn .n F.,. 6c, or groo 

.e forraed in .uUipie directions as shov. in n,. 6C. 
I„ ,et other e*c.in,ents, the platin, and polishin, pad 

, iiinstrate top and cro. ^^-^^ 

u • . >.oth In Figure 6e, grooves 658 extena 

transversely with respect to one another the P 

..e pad «0e. Xn addition, channels «0 extend throu,h the pad 

,o intersect with the grooves. The channels .SO have 
10 not to interse circular shape 

various cross-sectional shapes, such as 
U...rated in n,ure ee, as well as other conn,urat.ons su 

a polygon, rectangle, square, or co^inations thereof 
: .iLrnative e— t shown in n.re «, the grooves « 

— "-"-^^"""^r:n:r:r: roo^^^^^ 

6e. but the Channels 664 are arranged to .nters 
662. 

4-= radial V-shaped grooves may 
in alternative embodiments, radial 

f nad For example, Figure 
be formed on the top surface of the pad. 

v,c:t-.nfially radially extending 
,0 6g illustrates multiple substantially 

V, H 630a Figure 6h illustrates 
nrooves 666 formed on the pad 630g. 9 

^ . ^ on the pad 630h. These 

multiple V-shaped grooves formed on the pa 

multiple transfer and agitation 

grooves are shaped to enhance fluid transf 

between the substrate and anode or second surface. 
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In other instances, the grooves may be wedge-shaped with 
lips to enhance fluid shear and for continuous injection of the 
electrolyte solution toward the surface of the substrate. 
Figures 7a-7f are additional cross-sectional views of pads 
5 having both channels and grooves/slits in accordance with 
further preferred embodiments of the invention. 



In Figure 7a, grooves 770 intersect the channels 772 and 
are shaped such that the electrolyte solution is channeled to 
the substrate in, a manner provTding optimal fluid dynamics. 
10 The side walls 774 of the grooves 770 are inclined at an angle 
of between about 0 to 50 degrees with respect to a vertical 
plane. In other embodiments, such as one shown in Figure 7b, 
certain groove side walls 778, 776 may be angled 90 degrees 
with respect to a horizontal plane. 

15 

In other embodiments of the present invention, narrow 
channels and grooves/slits may be used to enhance electrolyte 
solution flow to the substrate. Examples of various 
constructions are illustrated in Figures 7c-7f. The width of 

20 the channels may range from about 1/8 to 3 times the thickness 
of the pad, and the depth may range from about 4 to 60 times 
the width of the particular channel. The spacing of the 
channels may range from about 5 to 50 times their width. The 
more channels/grooves that are present on the pad, the more 

25 vigorously the electrolyte solution is applied to the 
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..u., it is important to p.ovi.e an appropriate 
„^e. o. c.anne..,.oove3 in t.e pa. socU t.at t.e.e . a 
.alance between t.a deposition and poiis.in, rates .or 

, eac. ot.er .av ieaa to premature wear ana tear on tKe pa. 
..e Canneis need not extend perpendicular to t.e plane o^ t e 
as s.o«> in n.ures and .d. X.e channels can . 

K,. r^referably from about 15 to 80 degrees, 
0 to 85 degrees, but preferaoiy 

10 as shown in Figures 7e and,7f . 

^ fhe apparatus according to the 
A third embodiment of the appa^ 

^ ft Here, the plating and 
invention is shown in Fxgure 8. 

. 880 is shaped so as to be attached to the top 

polishing pad 880 is snap 

^ „Ko-r\ 820 at its flanges 882 via 
anode portion (pad support member) 820 

• Q^A In this case, 
15 a suitable arrangement such as a r.n, 884. 

lets .a. stiii .e used to shape and control electrolvte no„ 
and electric field distribution. 

^ .rlier the apparatus using a shaped pad can 
AS discussed earlier, tne app 
,..r. electro-etchin, or «r.piece surface .odUica^on. n 
...s case, channels/holes/openin,s/slits or the 
,.aced on the pad in substantiallv Unear and non-Une r 
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two linear arrays of holes 900, 901 punched in a pad material 
930. Both single or multiple arrays may be used. Moreover, 
for multiple linear arrays, it is beneficial if the holes are 
slightly staggered with respect to each other. In Figure 9b, 
5 the array of holes 903 originates around the center of the pad 
and extends only in one radial direction as opposed to 
diametrically across the pad, while in Figure 9c, a pie shaped 
geometric segmental array 904 of holes in disclosed. 

Other embodiTiients preferably use a slit fabricated into 
a pad such as by punching or cutting, as illustrated in Figures 
9d to 9f. In Figure 9d, a single slit 906 is shown, however, 
multiple slits may also be used. The slits may be segmented, 
forming a discontinuous array of slits. In addition to a 
radial slit 908 depicted in Figure 9e, a segmental radial slit 
910 may also be fabricated into a pad 930 for electro-etching 
or surface modification applications. Here, the angle 9 
between the chord of the slit may range from about 0 to 250 
degrees, but most preferably range from about 0 to 180 degrees. 

20 During electro-etching applications, the substrate is at 

a more positive potential than the anode. It is essential that 
the electrolyte and the electric field communicate to the 
substrate through the channels/holes/openings/slits, etc. in 
the pad material. During the etching removal process, either 



10 



15 
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anode carryin, the pad o. tne .u.strat. .ay be stationary. 

„,Ue the other component, disposed in clo.e pro.i^ty. .ay 

.otate The rotation of the substrate depends on the current 

density applied thereto. Thus, the :aateriai of interest »ay 

J • I. one full rotation of the 
5 be completely removed in H to 

^ A.„=n-iBe. several rotations of the 
substrate. M lower current densities, save 

.ubstrate around the anode .ay be needed. Also, only portions 
o, the material on the substrate .ay be removed. In some 
applications the substrate may c»e into contact with the pad 
,0 durin, the_process operation. The co*ination of the 
electrolyte and mechanical work of the pad on the substrate may 
be used to modify the surface of the substrate. 

Keturnin, to the material removal or deposition process, 
the linear or non-linear openings in the non-porous pad allow 
electric field distribution only through the openings. As the 
substrate or the pad is slowly rotated, the openings sweep over 
the substrate surface to be processed. The regions or portions 
„f the substrate directly across from the openings in the pad 
,0 are therefore plated in the case of deposition, etched in the 
,,,e of substrate electro-removal letch or polish,, or :ust 
..idized and then dissolved in the electrolyte with or without 
the mechanical actions of the pad. The openings can have 
..rious shapes. However, for uniform material removal or 
reposition/ surface modifications, it is important that the pad 
.../or the substrate be rotated, such that all portions of 
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substrate surface are exposed to the electric field for some 

period of time. 



In certain preferred embodiments of the invention, the 
channel openings (orifices or perforations) in the pad support 
5 member 320 (anode portion) and the orifices in the pad material 
330 arranged directly above can be of different dimensions. 
For example, Figure 10 is a partial cross-section of the pad 
support member 320 and pad material 330 in which the diameter 
of the channel 10a in the pad support member 320 is less than 
10 the diameter of the channel 10b in the pad material 330. While 
Figure 10 illustrates a concentric arrangement between the 
channels 10a and 10b, this need not be the case. A top-plan 
view of the partial cross-section of Figure 10 is shown in 
Figure 11. 

15 The surface of the pad support member 320 (anode portion) 

arranged between the pad support member 320 and the pad 
material 330 as shown in Figures 10 and 11 may be used to 
control the uniformity of the metal deposited on the substrate. 
For example, the diameter of the channel 10a in the pad support 

20 member 320 may range between about 0.3 to 1.5 mm, while the 
diameter of the channel 10b and the pad material 330 may range 
between about 1.7 to 7 mm. The portion 10c of the surface of 
the pad support member between the two channel openings 10a and 
10b, are regions where the electric field and the electrolyte 

25 are exposed to the substrate. By contrast, pad material 
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.e,ions 10. act as an insuUt.n, =.ie.<a with respect to the 

shaping cf the channel openings 
substrate. Depending on the shaping 

i„ the pa. material and the pad support »e^er, the pad 
„.teriai »av serve as hoth an anode and cathode shield. This 
, ecause it is in contact «ith hoth the anode and cathode 

5 IS Decdu shield may 

™=-t-orial orocessing. -i"^ ''"-^^ 
simultaneously during material pro . ^. 

lectivelV mter the electrolyte nuid, the electric «ield 
le .agnatic neld in di«erent proportions, .his sele.^^^^ 

o. the deposition parameters is used to con r 
,0 uni.or.it. o. the deposited.re.oved material, as weU 

mechanical, electrical and magnetic properties o. t he r^ 

respect to the surface oi the material or suhstrate 
Lo, the net amount o. material deposited on the suhstrate « 
_ed .om the suhstrate is further enhanced h. .e prese 

. =1 m the pad material, especially in the 
15 of abrasive material in the pa 

surface of the pad material. 

X„ a preferred embodiment, portions of the pad material 
contact «ith the substrate act as insulators, however, m 
.... embodiments, ferroelectric or magnetic -^^^^ ^ ^ 

^ •♦-v,in the pad material, ine 
r-=.tPd or laminated withm the pa 

" ::r. 1 . — -<•- - 

on the workpiece. 
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Besides using circular or cylindrical channels or orifices 
in the various components, other geometries or combinations of 
geometries may be used. It is found particularly helpful to 
use slits and circular or cylindrical openings in the pad 
5 • material to control local uniformity. Figure 12, for example, 
is a top viev/ of a pad in which a number of slits 120 are used 
near the edge of the pad material to increase the thickness of 
the material deposited at and/or near the edge of the 
substrate. The slits may be incorporated into pads with 

10 circular channels 121 designed to tune or tailor the local 
uniformities of the material deposits on the substrate or the 
removed materials from the substrate. Figure 13 is an example 
in which an outwardly increasing diametrical hole size is used 
to increase the thickness of deposited material at and/or near 

15 the edge of the substrate. 

In certain material removal applications, it is often 
preferred that the material removal process proceed from at or 
near the center of the workpiece and decrease outwardly towards 
the periphery. In this case, it is especially advantageous 
20 that the larger sized channels in the pad material be arranged 
at or close to the center of the pad material as shown in 
Figures 14 and 15, In this case, the smaller holes in the pad 
material reside close to the periphery of the pad material. 
Also, the diameter or size of the holes may be graded, such 
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that the diameter decreases from 

the edge or periphery of the pad. 

,et another embodiment, the diameter or size of the pad 

, inr even the anode) may te 
material cr the pad support .e*er (or 

. ^he size of the substrate. For example, the 

"^^^^ " 1 11 „heh the anode and pad 

m=»hprial deposition, m the case w 
During materiax uct^^/ ^^lai-ive 

H t-n one side of the chamber relative 
is preferentially arranged to one 

• ..serial deposit-s may be observed 
to the substrate, excessive material dep 

the anode or pad material. m .„„„it 
source of deposit non-unlfor.lty. This poor deposit 
"^"i: t 1 arastloauv reduced . shapln, the pad material 

- » - ^^^^^^ .specially in the 

^oKr-T rated around tne cenucx 
" imuous overlap between the pad and the substrate, 

iril rrpLoratlons .ay be fabricated a«ay .0. the region 

Figure 13. 

v oi or perforation distribution 
The above-described channel or perro 

lo.trolvte and electric fxeld 
selectively enhances more electrolyte 

^ laraer openings in the pad, 

communication towards the larger 

increasing metal deposition to this region. 
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In the previous descriptions, numerous specific details 
are set forth, such as specific materials, structures, 
chemicals, processes, etc., in order to provide a thorough 
understanding of the present invention. However, as one having 
5 ordinary skill in the art recognizes, the present invention can 
be practiced without resorting to the details or specific 
embodiments set forth. 

The foregoing disclosure has been set forth merely to 
illustrate the. invention and*' is not intended to be limiting. 
10 Since modifications of the disclosed embodiments incorporating 
the spirit and substance of the invention may occur to persons 
skilled in the art, the invention should be construed to 
include everything within the scope of the appended claims and 
equivalents thereof. 



-48- 



PCTAJSOO/30031 

WO 01/63018 
WHAT_IS_ClAI5ffiD_IS: 

V.1 assisting in controlling an 
1. An apparatus capable of assxsti 

an electric .el. .stri.ut.on use^ 
..ocessin, a substrate, ' ^ 

— -in. ^ - -^^^^^^^^^ 

H bottom surface, wherein the rigi 
shape and a bottom .^ssaqe from the top 

. .Utv of channels, each forming a passage 

urface and each allowing the 
surface to the bottom surface, 

^ • -FiPid flow therethrough, 
electrolyte and electric field ^^^^ 

a pad attachable to the rigid member, 

. i.rtric field flow therethrough 
fnr electrolyte and electric rie 
allowing for eiecuiu 

to the substrate; and 

a fastener attaching the pad to the r.g 

^r. rlaim 1, wherein the 
2 The apparatus according to claim 

. in the rigid member are arranged in a 
pi.rality of channels in r . ^^^^^^^ ^ 

defined pattern allowing more electroly 
central area of the substrate. 

..Hina to claim 1, wherein the 
3 The apparatus according 

, • ^he rigid member are arranged in a 
,,.rautv o. channeu .n the r ^^^^^^^ ^ 

defined pattern allo»in, «re electroly 
peripheral area ot the substrate. 
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4. The apparatus according to claim 1, wherein an 
effective diameter of the channels is in the range of about 0.5 
to 5 millimeters. 

5. The apparatus according to claim 1, wherein the 
plurality of channels form a pattern, said pattern resulting 
from a spacing between the channels that is between about one 
and four times an effective diameter of the channels. 

6. The "^apparatus according to claim 5, wherein the 
effective diameter of the channels is in the range of about 0.5 
to 5 millimeters. 

7. The apparatus according to claim 5, wherein the 
channels are round and the effective diameter is a true 
diameter. 

8. The apparatus according to claim 5, wherein only a 
portion of the channels are round. 

9. The apparatus according to claim 1^ wherein the rigid 
member is an insulative pad support. 

10. The apparatus according to claim 9, further 
comprising: 
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a housing that mates with the rigid .en*er and toms a 
cavity therein, the cavity havih, an electrolyte inlet for 
introducing the electrolyte thereto under pressure and be.ng 
expelled therefrom through the plurality of channels in the 

rigid meinber; and 

an anode disposed in the cavity. 

11. The apparatus according to claim 1, wherein the rigid 
xnember is a portion of a conductive anode. 

12. The apparatus according to claim 11, further 
comprising: 

a bottom rigid member mating with the rigid member and 
forming a cavity therein, the cavity having an electrolyte 
inlet for introducing the electrolyte thereto under pressure 
and being expelled therefrom through the plurality of channels 

in the rigid member. 

13. The apparatus according to claim 1, wherein the 
fastener comprises screws. 

14. The apparatus according to claim 1, wherein the 

romorises an adhesive, the adhesive having 
fastener comprises du 

• ^- 4-v,=i- affect the electric field 
• conductivity characteristics that affect 

being distributed therethrough. 
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15. The apparatus according to claim 14, further 
comprising a subpad disposed between the rigid member and the 
pad. 

16. The apparatus according to claim 15, further 
including an adhesive that attaches the subpad to the pad, 
wherein the subpad is a liquid diffusing material. 

17. The apparatus according to claim 16, wherein the 
liquid diffusing material is a napped polypropylene fabric. 

18. The apparatus according to claim 14, wherein the 
adhesive is a sheet that is larger than the top surface of the 
rigid member, the adhesive sheet being disposed between a 
subpad and the pad, and that portion of the sheet that is 
larger than the top surface of the rigid member adhering to a 
side wall of the rigid member. 

19. The apparatus according to claim 14, wherein the 
adhesive is a conductive adhesive. 

20. The apparatus to claim 19, wherein the conductive 
adhesive is provided around the periphery of the rigid member. 
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apparatus according to claim 20, further 

.ncluOln, a. Insulatlve a*eslve prcvMad In a center re.lon 

of the rigid member. 

,3 T^e apparatus according to clai. 19, wherein the 
conductive adhesive Is formed around the periphery as a 
plurality of Individual pieces of conductive adhesive. 

23 The apparatus according to claim », wherein the 
conductive adhesive Is provided around the entire periphery of 
,ne rigid member and promotes the formation of an electric 
(ield around the periphery of the substrate. 

<-n riaim 19, wherein the 
24. The apparatus according to claim 

adhesive is porous. 

,5. The apparatus according to claim 19, wherein the 
adhesive is only minimally porous. 

26 The apparatus according to claim 1, "herein the 

comprises an adhesive, which is an insulatlve 
fastener comprises <*" 

adhesive. 

27. The apparatus according to claim 26, further 
including conductive adhesive. 
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28. The apparatus according to claim 26, wherein the 
insulative adhesive is provided around the periphery of the 
rigid member. 

29. The apparatus according to claim 28, further 
including a conductive adhesive disposed in a center region of 
the rigid member. 

30. The apparatus according to claim 2 6, wherein the 
insulative adhesive is formed around the periphery as a 
plurality of individual pieces of insulative adhesive. 

31. The apparatus according to claim 26, wherein the 
insulative adhesive is provided around the entire periphery of 
the rigid member and inhibits the electric field from forming 
around the periphery of the substrate. 

32. The apparatus according to claim 2 6, wherein the 
insulative material is included around the center region of the 
rigid member and inhibits the electric field from forming 
around the periphery of the substrate. 

33. The apparatus according to claim 2 6, wherein the 
adhesive is porous. 
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34. The apparatus acc.rdin, to claim 26, where.n the 
adhesive is only minimally porous. 

3, ihe apparatus according to claim 1. wherein the pad 
Has a contoured surface for Interaction with the suhstrate. 

36 The apparatus accordin, to claim 35. wherein the 

thickness. 

3, The apparatus according to claim 35, wherein the 
contoured surface is formed hy addin, adhesive spacers to the 
pad. Which otherwise has a substantially uniform thiCness. 

33 apparatus according to claim 35, wherein the 

contoured surface causes a periphery of the pad to contact the 
substrate prior to a central region of the pad. 

3, The apparatus according to claim 35, wherein the 

t-o nprinheral region of the pad. 
the substrate prior to a peripner 

=vnc according to claim 35, wherein the 
40. The apparatus accoramy 

contoured surface includes grooves. 
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41. The apparatus according to claim 40, wherein the 
grooves are formed in regions other than where the plurality 
of channels are formed, 

42. The apparatus according to claim 40, wherein the 
grooves are formed in areas where the plurality of channels are 
formed. 

43. The apparatus according to claim 4 0, wherein the 
grooves have a uniform depth. " 

44. The apparatus according to claim 40, wherein the 
grooves have differing depths. 

45. The apparatus according to claim 40, wherein the 
grooves are formed as a plurality of straight groove lines. 

46. The apparatus according to claim 40, wherein the 
grooves are formed as a plurality of intersecting groove lines. 

47. The apparatus according to claim 46, wherein the 
intersecting groove lines intersect at right angles. 

48. The apparatus according to claim 40, wherein the 
grooves have arbitrary shapes. 
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Ai-r^r, tn claim 1, wherein the paa 
49. The apparatus according to claim 

includes abrasive particulates. 

50 The apparatus according to claim 49, wherein a volume 
..action of the particulates in the pad range between about 10 
to 60 percent. 

51 The apparatus accordin, to clai. 1, "herein the 
.astener comprises an attachment rin, securin, flanges of the 
pad against the rigid member. 

52 The apparatus according to claim 1, wherein the pad 
includes a plurality o. channels, so.e o. which allow .oth the 
electrolyte and electric field flow therethrough, and others 

«hich allow only the electric field flow through to the 

substrate. 

53 apparatus for applying pressure with a pad to a 

surface of a substrate that is heing exposed to a solution, 

comprising: 

a pad support, the pad support containing a plurality of 

support to a .otto, surface of the pad support, and each 
allowing for the solution to pass therethrough; 
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a chamber having a first chamber portion and a second 

chamber portion, the first and second chamber portions being 
separated by the pad support; 

the pad being attached to the pad support such that the 
. pad is disposed in the second chamber portion, the pad 
containing a plurality of channels allowing the solution to 
pass therethrough; 

a movable substrate holder disposed in the second chamber 
portion capable of holding the substrate and establishing 
contact between the surface of the substrate being held and the 
pad; and 

a solution inlet for introducing the solution into the 
first chamber portion under pressure, and thereby causing the 
solution to flow through the channels into the second chamber. 

54. The apparatus according to claim 53, wherein said 
apparatus is a conductor deposition apparatus with a movable 
substrate holder, further comprising an anode disposed in the 
first chamber, and wherein the solution is an electrolyte. 

55, The apparatus according to claim 54, further 
including a second electrolyte inlet into the first chamber 
portion. 
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5e The apparatus acccrdln, to claxm S5, 

ans tor introducin, the £ir=t and second 
including means tor 

electrolytes continuously into the nrst chafer portion. 

.he apparatus according to claim 55, further 

+-v^o first electrolyte 
^ fnr introducing the rirsi, 
including means for inT:ro 

.ontinuously Into the tirst chafer portion and introducing^^ 
.econd electrolyte into the tirst chafer portion 
intermittently. 

J' ^ vr, riaim 54, wherein said 
58. The apparatus according to claim 

substrate holder is rotatable. 

5S. The apparatus according to claim .8, wherein said 
substrate holder moves laterally. 

eo. The apparatus according to claim 54, wherein said 
substrate holder moves laterally. 

^- « 1-n riaim 60, wherein a speed 
61. The apparatus according to claim 

^r.r.y^f■ 0 5 and 15 inm/ second 
ot the lateral movement is between about 0.5 

.„d the lateral displacement is between about 0.5 and 15 ^. 

e, The apparatus according to claim 53. wherein said 
apparatus is tor etching and the solution is an etchant. 
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63. A pad structure for use in an apparatus for 
depositing material on, or removing material from/ a substrate, 
the pad structure comprising: 

a substantially circular pad material having a top 
surface, a bottom surface and a defined thickness; and 

means for communicating electrolyte and an electric field, 
magnetic field or electromagnetic field through the pad 
material to the substrate. 

64. The pad structure according to claim 63, wherein the 
communicating means is an array of holes extending through the 
pad material and arranged diametrically across the pad 
material . 

65. The pad structure according to claim 64, wherein 
multiple diametrically arranged arrays of holes extend through 
the pad material, said holes of each array being staggered with 
respect to one another. 

66. The pad structure according to claim 63, wherein the 
communicating means is an array of holes extending through the 
pad material and arranged in a radial direction from a center 
of the pad material. 

67. The pad structure according to claim 66, wherein 
multiple radially arranged arrays of holes extend through the 
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pad material, the holes of each array bein, staggered wxth 

respect to one another* 

68 The pad structure aocordinq to claim 63, wherein the 
co^unicati., means is an arc-segmental array o, holes arranged 
on the surface of the pad material and extending through the 

pad material. 

69. The pad structure according to claim 63. wherein the 
communicating means is a slit extending across a substantial 
portion of the diameter of the pad material, said slit also 
extending through the pad material. 

10. The pad structure according to claim 63. wherein the 

^ r-=.r^is.iiv oriented slit extending 
coimunicating means is a radially orien 

through the pad material. 

71 The pad structure according to claim 63. wherein the 
co.m>unicating means is an arc-segmentally-shaped slit extending 
through the pad material. 

12. The pad structure according to claim 63, wherein the 

^= « nlurality of channels extending 
communicating means is a plurality 

through the pad material. 
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73. The pad structure according to claim 63, wherein the 
communicating means comprises a plurality of holes extending 
through the pad material and a plurality of slits extending 
through the pad material. 

74. The pad structure according to claim 73, wherein a 
number of said plurality of slits are located near an edge of 
the pad material, whereby an increased thickness of deposited 
material near an edge of the substrate is obtainable. 

75. The pad structure according to claim 63, wherein the 
communicating means comprises a plurality of radially directed 
arrays of holes extending through the thickness of the pad 
material, cross-sectional openings of said holes increasing in 
size in the radial direction from a center of the pad material, 
whereby a thickness of deposited material on the substrate 
increases in a radial direction. 

76. The pad structure according to claim 64, wherein 
larger ones of said array of holes are located near a center 
of the pad material and smaller ones are arranged near a 
periphery of the pad material. 

77. The pad structure according to claim 66, wherein 
larger ones of said array of holes are located near a center 
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..e pad materia, and smaller ones a« arranged nea. 
periphery of the pad material. 

,S The pad structure according to clal. 63, further 

of the pad material. 

„ The pad structure according to clai-a 78, wherein the 
adhesive system comprises adhesive material arranged a^ut a 
periphery of the hottom surface, the adhesive material .em, 
.„„,ed a.out the periphery hy one of: a continuous str.p 

^ niurality of triangular-shaped 
a plurality of strip segments, a plurality 

• .nd a Plurality of circular-shaped adhesive 
adhesive portions and a plurality 

portions . 

eo. The pad structure according to claim .9, wherein the 
adhesive system further comprises additional adhesive material 
..ranged Inwardly of the periphery of the .ottom surface. 

3, The pad structure according to claim 78, wherein the 

^o™ has defined characteristics to promote or 
adhesive system has aerinea 

lnhi.it electric, magnetic or electromagnetic f.eld 
.istrlhutions through the pad material to the substrate. 
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82. The pad structure according to claim 78, wherein the 
adhesive system is an adhesive sheet having perforation holes 
arranged therein. 

83. The pad structure according to claim 63, wherein the 
pad material is formed of: 

a top pad material and a subpad material; and 
an adhesive securing the top pad material to the subpad 
material . 

84. The pad structure according to claim 83, wherein the 
adhesive is an adhesive sheet in which perforation holes are 
arranged. 

85. The pad structure according to claim 83, wherein the 
communicating means comprises channels arranged in the top pad, 
subpad, and the adhesive. 

86. The pad structure according to claim 83, wherein the 
subpad material is formed of a flow diffusing fabric, said top 
pad and adhesive having flow channels formed therein, 

87. The pad structure according to claim 63, wherein the 
communicating means includes a plurality of channels formed 
through the pad material, some of which interact with a pad 
support to allow both electrolyte and electric field flow 
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therethrough and others of which allow only electric tield flow 

therethrough. 

88. A pad asse-i-ly for use in an apparatus for depositing 
Material on, or removing material from, a substrate, the 

assembly comprising: 

a pad support having a top surface and a bottom surface, 
the pad support including a plurality of channels opening 
passages from the bottom surface to the top surface; 

a pad material having a defined thickness and bexng 
attached to the pad support such that a top pad material 
surface is arrangeable opposite a surface of the substrate, the 
pad material including a plurality of channels extending 
through the thickness of the pad material; and 

Wherein at least some of the channels in the pad material 
overlap with respective channels in the pad support, said 
overlapping pad material channels having a larger opening than 
the respective pad support channels. 

S9 The pad assembly according to claim 89, wherein said 
larger openings have diameters in a range of about 1.7 to 
and said smaller openings have diameters in a range of about 
.3 to 1.5inm. 



-65- 



wo 01/63018 PCT/USOO/30031 

90. The apparatus according to claim 53, wherein the 
apparatus is an electro-etching apparatus and the solution is 
an electro-etching solution. 

91. The pad assembly according to claim 88, wherein the 
material is removed by etching. 

92. The pad assembly according to claim 88, wherein the 
material is removed by electro-etching. 

93. The pad assembly according to claim 88, wherein the 
pad material is contoured. 

94. The pad assembly according to claim 93, wherein the 
pad material is thicker at its center. 

95. The pad assembly according to claim 93, wherein the 
pad material is thicker at its perimeter. 



-66- 



wo 01/63018 



PCTAJSOO/30031 




F16. 2b PRIOR ART 




FIG. 2c 



1 / 17 



wo 01/63018 



PCT/USOO/30031 




FI6.1b PRIOR ART 




FIG. 2a PRIOR ART 



2 / 17 



wo 01/63018 



PCT/USOO/30031 




3 / 17 



wo 01/63018 



PCT/USOO/30031 





4 / 17 



wo 01/63018 



PCTAJSOO/30031 




5 / 17 



wo 01/63018 



PCT/USOO/30031 




6 / 17 



wo 01/63018 



PCTAJSOO/30031 





F16.5d 



FlG.5e 



7 / 17 



wo 01/63018 



PCT/USOO/30031 




TT 



564 



XT- 



I 1 
I I 



TT" 
I I 



I I 
I I 



•530 



-rr 



1— -562 



FIG. 5g 



! t 



TT 



530h 

□4^568 
^-566 



FIG. 5h 




8 / 17 



wo 01/63018 



PCT/USOO/30031 





FIG. 5k 



530 L> 




t It 



FIG.5L 



9 / 17 



wo 01/63018 



PCT/USOD/30031 




FIG. 5m1 



TT 



II 
II 
It 



! I 




530 m1 



530m2 




FIG.5m2 




FI6.5m3 



1 1 
I! 



I I 
' I 
I I 



I I 
I t 




FI6.5m4 



10 / 17 



wo 01/0018 



PCT/USOO/30031 





11 / 17 



wo 01/63018 



PCT/USOO/30031 




FI6.6e FIG.6f 




FIG.6g FI6.6h 



12 / 17 



wo 01/63018 



pCTAJSOO/30031 




13 / 17 



wo 01/63018 



PCTAJSOO/30031 




14 / 17 



wo 01/63018 



PCTAJSOO/30031 




wo 01/63018 



PCT/USOO/30031 




16 / 17 



wo 01/63018 



PCTAJSOO/30031 




17 / 17 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USOO/30031 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) : C25D 17/00 

US CL : 204/224M 
According to International Patent Classification (IPC) or to both national classirication and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 204/224M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic dau base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Continuation Sheet 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant lo claim No. 



A. P 



US 6.066,030 A (UZOH) 23 May 2000 (23.5.2(X)0), Figures 1 and 2. column 2. lines 55- 
68; column 3. lines 1-64 and columns 7-10. 

US5.911.619 A (UZOH etal.) 15 June 1999(15.6.1999). Figures 7-10; column 5. lines 
40-68; column 6. lines 1-68; column 7. line 1 through column 8, line 47. 

US 5,543.032 A (DATTA ci al.) 06 August 1996 (06.08. 1996). claims 1-8. 



1-95 



1-95 



□ 



Further documents arc listed in the continuation of Box C. 



□ 



See patent family annex. 



Special catcgones ot cited documcnt'i. 

*A* docuncnt denning the ^ncral suie of the an which is not coiuidcrcd to be 
of panicular relevance 

H" earlier applicaticn or patem pid)tished on or atier the tnicnutional Tiling (l>tc 

I," document which nuy Uirow dnubu on priority claim(s) or which is cited u> 
esiablbh the publication date of another ciution or other special reason (a.^ 
speciHed) 

"O" document retcning to an oral disclosure, use. exhibition or ocbcr means 

T" documeiu published prior to the intematinnal U\mf date but later than the 
priority date claimed 



"'(" later document published aticr the international filing daic or priori ly 

dale and not in ctxinici with the applicatton but cited to understand the 
principle or theory underlying the invention 

*X" dncumem of particular rclcvaiKe; the claimed invemiun cannot he 

comidered novel or canrxH be coiuidered to involve an inventive step 
when the docuncnt is taken akmc 

" Y* ducumcm of panicular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document i% 
combined with one or nuire other such documenu. such comhinaunn 
being ohvioux tn a person skilled in the ^n 

"& " documem member of the same patent family 



Date of thi: actual completion of the international search 
29 January 2001 (29.01 ■2(K)1 ) 



Dale of mailini! of the international search repori 



I maiiini! or tnc internal 

21MARZ001 



Name and mailing address of the ISA/US 
Cmnmissioner of I'atents and 1'radenurk.t 
itox PCT 

Washington. D.C. 202.-^l 
Facsimile No. (703)305-3230 



Awhori/ed ofl'icer 
AErica Smith-Hicks 
'^Telephone No. 703/ 308-066! 



Form PCT/ISA/2 10 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



Iniemalional applicaiion No. 
PCT/USOO/30031 



etch$3) and204/224M 



FormPCT/lSA/210 (exira sheet) (Juiy I99«) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FA^D TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




